Scrub typhus can produce multiple organ dysfunction syndrome (MODS). Early recognition of the patients at risk of MODS would be helpful in providing timely management and reducing the mortality. In all, 449 children with scrub typhus were enrolled at three hospitals in Yunnan, China from January 2010 to January 2015. The patients' clinical status of organ system dysfunction was evaluated on the day of discharge from hospital by using standard criteria. The patients were classified into MODS present (64 cases, 14.3%) or MODS absent (385 cases, 85.7%). Multivariate logistic regression analyses revealed that the prognostic factors for MODS included skin rash (odds ratio, OR ¼ 3.3, p ¼ 0.037), time interval form treatment to defervescence (OR ¼ 1.2, p ¼ 0.035), hemoglobin (OR ¼ 0.54, p ¼ 0.041), platelet counts (OR ¼ 0.06, p < 0.001), aspartate-aminotransferase (OR ¼ 4.7, p ¼ 0.011) and total bilirubin (OR ¼ 2.3, p ¼ 0.013). By describing risk factors resulting in MODS in pediatric scrub typhus, our study provides clinicians with important information to improve the clinical monitoring and prognostication of MODS.
I N T R O D U C T I O N
Scrub typhus is distributed throughout the Asia and Western Pacific islands including China, which manifests with fever and multiorgan involvement. The causal agent, Orientia tsutsugamushi, is transmitted by infected larval trombiculid mites (chiggers). About 1 million people are infected annually and the severity ranges from mild to fatal in the Asia Pacific regions [1] [2] [3] [4] [5] [6] [7] . pneumonia, acute renal failure, meningoencephalitis, gastrointestinal bleeding and multiple organ failures [10, 11] . To reduce the mortality, it is necessary to examine the predictors that help identify disease severity.
Several factors have been found to be associated with severe complications. Previous studies showed that increased transaminases, hypoalbuminemia, leukocytosis and serum creatinine (Cr) are associated with the disease severity [3, 6, 10, [12] [13] [14] . Although serologic surveys suggest that about onefourth of the cases of scrub typhus are children [3] , there were no data reported on multiple organ dysfunction syndromes (MODSs)-related clinical factors for children with scrub typhus.
In this study, we aim to examine the risk factors for the severity of pediatric scrub typhus in patients with and without MODS in Yunnan province of China.
M E T H O D S

Study population
From January 2010 to January 2015, we reviewed 449 pediatric patients diagnosed with scrub typhus, admitted to three departments of Pediatrics in Yunnan, China. The study was approved by the research ethical committees of each of the hospitals. All parents or legal guardians of recruited pediatric patients signed an agreement after being disclosed to necessary information on this study, and had given written informed consent.
Diagnosis of scrub typhus: In our study, we enrolled the patients aged 14 years who had a fever and showed typical eschars. Then we used the WeilFelix test as our serological confirmation. A minimum titer of 1:80 or a 4-fold increase over previous levels is considered positive [15, 16] . Children with congenital anomalies or chronic organ failure were excluded from this study.
MODS is defined as 'the development of potentially reversible physiologic derangement involving two or more organ systems not involved in the disorder that resulted in ICU admission' [17] . In our study, the criteria of organ system dysfunction were defined according to the international pediatric sepsis consensus conference [18] . Mortality was defined as death before discharge or death within 3 days after discharge from hospital.
The antimicrobial treatments of scrub typhus were started mainly on the basis of clinical features and the results of initial investigations. Specific therapy for scrub typhus, either azithromycin or chloramphenicol, was started either empirically or on the basis of Weil-Felix test.
The following data were recorded: (1) demography: age and sex; (2) epidemiologic data: month of onset, place of residence and activities possibly associated with scrub typhus infection within 1-3 weeks before the onset of symptoms; (3) clinical signs and symptoms: fever, eschar, rash, lymphadenopathy and others; (4) results of temperature, white blood cell (WBC) counts, platelet (PLT) counts, hemoglobin (HB), alanine-aminotransferase (ALT), aspartate-aminotransferase (AST), total bilirubin (TB), albumin (ALB), blood urea nitrogen (BUN) and Cr (all the laboratory findings were recorded within a 12 h period from the time of admission); and (5) treatment: included the drugs used, time interval form treatment to defervescence and the duration of hospitalization.
Statistical analysis
The SPSS software (version 16.0, SPSS, Inc., Chicago, IL) was used for statistical analysis. The multivariate logistic regression analysis was carried out with the variables being those significantly associated with MODS in the univariate analysis as independent variables. Values of p < 0.05 were considered to be significant.
R E S U L T S
Study population A total of 449 pediatric patients with scrub typhus (237 males, 212 females) were included in this study. The majority of the patients were preschool-aged children with a median age of 3 years (range: 1 month-14 years); 36 patients (8.0%) were infants (age < 1 year).
In the study areas over the past 5 years, scrub typhus cases occurred every year with a seasonal distribution. In all, 344 (76.6%) cases occurred in July, August and September; 384 (85.5%) patients resided in the rural area; 352 (78.4%) patients had history of exposure to the outside mite-infested habitats such as rice fields.
Clinical, laboratory findings and treatment
The most common presenting symptoms were nausea/ vomiting (35.9%), cough/sore throat (30.1%), edema (16.3%) and rash (14.3%). Hepatosplenomegaly and lymphadenopathy were reported in 34.1% and 23.2% cases, respectively. The median fever duration was 8.4 days (range 2-20 days) and the mean peak of body temperature was 39.6 C (range 37.7-42 C). Of 449 confirmed scrub typhus cases, 93.8% exhibited one eschar and 6.2% showed two eschars. Most of the eschars occurred at sites where skin surfaces meet or clothes bind. In our study, we found that eschars formed frequently on the axilla/groin (24.9%), followed by abdomen areas/front and back of waist (23.4%) and head/ neck (18.3%). Furthermore, if we divided the body into upper body and lower body using the navel as the boundary, 290 (64.6%) eschars were found to be positioned on the upper body.
Common laboratory findings included thrombocytopenia in 200 (44.7%) cases, elevated transaminases in 136 (30.3%) cases, anemia in 129 (28.7%) cases and hypoproteinemia in 92 (20.5%) cases. Marked leukocytosis and leucopenia were seen in 59 (13.1%) and 42 (9.4%) of the patients, respectively. Jaundice was seen in 22 (4.9%) patients. Elevated Cr levels could be seen in 29 (6.5%) patients.
In all, 402 patients (89.5%) were diagnosed initially as having scrub typhus and 47 patients (10.5%) had misdiagnoses at admission. The most common misdiagnoses were acute respiratory infections, enteric fever and sepsis. A total of 221 patients (49.2%) were successfully treated with chloramphenicol and 228 patients (50.8%) with azithromycin. Unfortunately, despite the availability of routine effective treatment, 11 patients died owing to the infection: 10 patients died with MODS, while 1 patient died with cardiovascular failure. Specifically, four patients treated with chloramphenicol and seven patients treated with azithromycin died.
The duration of illness before hospitalization ranged from 1 to 15 days, with an average of 4.9 days. The time interval from antibiotics treatment to defervescence ranged from 1 to 17 days, with an average of 3.4 days. The duration of hospitalization ranged from 3 to 23 days, with an average of 7.7 days.
Risk factors of MODS in pediatric scrub typhus
There were 186 (41.4%) patients who had at least one organ dysfunction. About 64 (14.3%) patients had evidence of MODS. Among them, 48 patients had two organ dysfunctions, 9 patients had three organ dysfunctions, 6 patients had four organ dysfunctions and 1 patient had five organ dysfunctions. The overall case-fatality rate was 2.4%. The casefatality rate for those who developed MODS was significantly higher than that for those who did not (15.6% vs. 0.3%, p < 0.001). Among those with MODS, hematologic dysfunction occurred most commonly (98.4%) followed by hepatic dysfunction (70.3%). Similarly, among those dead children, hematologic dysfunction was the most common complication (90.9%) ( Table 1) .
Univariate analysis showed that the clinical symptoms including age, history of field exposure, peak of temperature, cough/sore throat, seizure, edema, skin rash, hepatosplenomegaly, lymphadenopathy and many laboratory findings including HB, PLT, ALT, AST, TB, ALB, BUN were associated with MODS outcome (Table 2) .
Table 2 also showed that there was no significant difference in drug use between the MODS present and MODS absent groups. However, MODS present patients had longer time interval from treatment to defervescence and duration of hospitalization than MODS absent patients. A multivariate logistic regression was then applied to estimate the association between those significant factors above and the risk of MODS present in scrub typhus. There was no significant importance in the age, history of field exposure, peak of temperature, cough/sore throat, seizure, edema, hepatosplenomegaly, lymphadenopathy, ALT, ALB, BUN and duration of hospitalization. The factors that had significant association in logistic regression including skin rash, time interval from treatment to defervescence, HB, PLT, AST and TB are shown in Table 3 .
D I S C U S S I O N
Although about half of infected cases in our study had a good prognosis, 64 (14.3%) patients had evidence of MODS and 11 (2.4%) unfortunately died. According to the previous reports, the median mortality of all scrub typhus patient series was 6.0%, with a wide range (min-max) of 0-70%, [19, 20] and in severe cases with multi-organ failure, mortality may be as high as 24% [21] . In our study, we also found that the mortality of the patients with MODS was much higher than those without, which suggested us to pay more attention on MODS positive patients.
The most common organ dysfunctions were hematologic dysfunction and hepatic dysfunction. Elevated transaminases and thrombocytopenia were the common laboratory findings, which were similar to those of previous studies [6, 22, 23] . Moreover, our study showed that the occurrence of skin rash, a longer time interval from treatment to defervescence, a deduction in HB and PLT level and an elevation of AST and TB were predictive variables for MODS in scrub typhus.
It has been demonstrated that vasculitis is the basic pathogenesis mechanism in scrub typhus. Tsay RW et al. found that elevations of AST and ALT were the most common complications [24] . In the current study, we also found that an elevation of AST or TB, another indicator of hepatic function, was associated with the development of MODS.
Our results also showed that a deduction in HB and PLT levels was one of the predictors of MODS in scrub typhus. Anemia was also an indicator of severity in Park's report [14] . In scrub typhus, the organisms proliferate on the endothelium of small blood vessels, releasing cytokines, which mainly damage the endothelial cells, leading to many important lesions, causing hemorrhage. Moreover, disseminated intravascular coagulation may be an indicator of severe disease caused by delayed diagnosis. The decrease in PLT could be a reflection of coagulation dysfunction, which is often seen in severe diseases. The present study and previous studies by Zhang et al. and Su et al. all identified thrombocytopenia as being associated with severe complications in scrub typhus [25, 26] .
The occurrence of rash in children was not high [27] . In Zhang's study, however, rash was commonly seen and was also an indicator of severe scrub typhus [25] . Some studies showed severe scrub typhus patients had longer duration from disease onset to effective antibiotic use [10, 28] . This means that if the administration of antibiotics was delayed, scrub typhus might progress to a severe or even a fatal case. However, in our study, a longer time interval from treatment to defervescence was more meaningful in predicting scrub typhus with MODS. Rapid defervescence after antibiotic therapy is so characteristic that it can be considered as a diagnostic test [29] . Until now, no one had associated the defervescence after antibiotic therapy with the poor prognosis. Based on the current study, if a patient develops a rash or had a long time interval form treatment to defervescence, the clinician should be aware of the possible complications and intensive care should be given to the patient immediately.
Multi-organ dysfunction is common in severe scrub typhus infection. Ninety-one (85.2%) patients had dysfunction of three or more organ systems [30] . In our study, by describing risk factors of MODS in pediatric scrub typhus, this study provides clinicians with important information to improve the clinical monitoring and prognostication of the disease. For a better prognosis and prevention of MODS, it is important to early recognize the changes in AST, TB, HB, PLT and the occurrence of rash or a long time interval from treatment to defervescence in pediatric scrub typhus.
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